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Abstract -- An enantioselective synthesis of the tltle com 

pound, a precursor for the Geissman lactone, from z-I-1-malic 

acid is described. The synthesis features the diastereoselective 

intramolecular Michael reaction of the carbamate 131. 

We recently introduced1 the intramolecular Michael reaction-based2 1,Z-asymmetric 
induction, exemplified by the conversion of 1 into 2, for the synthesis of a 

synthon for certain biologically active natural products containing pyrrolidine 

ring.' IScheme 1) 
OR OR 

Scheme 1 

In the conversion, it was found that the nitrogen nucleophile might attack the 3 -  

carbon of the unsaturated ester preferenclally from the si-face by steric reason. 

It is interesting to note that if the mechanistic rationale was acceptable, the 

intramolecular Michael kaction of 3 should lead to a preference for the formation 

of 4 re-face attack. The resulting functionalized pyrrolidine ( 4 )  seemed to 

be transformed not only into some kinds of pyrrolizidine alkaloids with 2R.35- 

configuration, such as heliotridine 1513, but also into the lactone 161, a pre- 

cursor for the Geissman lactone 17)"~ which was a potential intermediate for the 
5 synthesis of retroneclne , + internal lactonization with inversion of the con- 

figuration at C-3. (Scheme 2 )  

We now wish to report the realization of the diastereoselective conversion of 3 

into 4 and a high-yield synthesis of l-)-6-aza-6-carbetho~y-2-o~abi~y~1oL3.3.01- 

octan-3-one ( 6 )  from an inexpensive enantiomer of malic acid. 
6 Treatment of the alcohol (81 , readily derivable from S-1-1-malic acid by sequen- 

tial borane reduction7 and protection6 of the 1.2-diol function of the resulting 

triol8, with the well-established condition of Mitsunobu9 afforded 9 10 
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Scheme 2  

[ [ a l D + l  1.77O (c.1.45, CHC13) 1 .  The I n g - M a n s k e  h y d r a z i n o l y s i s l 1  f o l l o w e d  by 

c a r b a m a t e  f o r m a t i o n  w i t h  e t h y l  c h l o r o f o r m a t e  gave t h e  c a r b a m a t e  ( 1 0 )  [ [  a I + l  85-  
D '  

( c = 1 . 2 6 ,  CHC13)1 w h i c h  w a s  t h e n  e x p o s e d  t o  6N-HC1 i n  THF t o  a f f o r d  t h e  d i o l  ( 1 1 )  

[ L a l D + l  .15' ( c=0 .59 ,  CHC13) I i n  91 % y i e l d  f rom m a l i c  a c i d .  S e l e c t i v e  s i l y l a t i o n  

a n d  r n e t h o x y m e t h y l a t i o n  o f  t h e  r e s u l t i n g  s e c o n d a r y  a l c o h o l  c l e a n l y  g e n e r a t e d  1 2  

[ [ u ID-50.00' ( c=0 .61 ,  CHC13) I .  Subsequent d e s i l y l a t i o n  a n d  Swern o x i d a t i o n 1  o f  
t h e  r e s u l t i n g  p r i m a r y  a l c o h o l  m o i e t y  i n  1 3  1 [ a 1 +11.97 '  (c.0.75, CHCl 1 1  p r o -  

D 3  
ceeded  s m o o t h l y  t o  f u r n i s h  t h e  h e m i a c e t a l  (141  as  a m i x t u r e  of two d l a s t e r e o m e r s  

In y i e l d  o f  91 % f rom 11 .  (Scheme 3 )  

Reagents :  a )  B(OMeI3, BH3.SMe2, THF thenMeOH, 100% b )  Et2C(OMe)2,e-TsOH(cat.), OMF, 100% 

c )  Ph3P, E t 0 2  CN$2, p h t h a l i m i d e ,  THF, 100% d )  NH2NHiH20, EtOH e )  C1C02Et, NEt3. 
t 

CH2CI2, 91% f rom 9 f )  6N-HCI, THF, 100% g )  B ~ ( M e ) ~ S i c l ,  i m i d a z o l e ,  4-DMAP, 

CH2CI2, 95% h )  MOMCI, i ~ r 2 ~ ~ t ,  CH2CI2, 100% i) n ~ u , p ~ ,  THF, 100% j) (COC1)2, 

DMSO, NEt3, CH2C12, 96%. 
Scheme 3  
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On treatment with triethyl phosphonoacetate [(Et0)2POCH2C0 Etl (2.3 eq) in the 2 
presence of sodium hydride (2.5 eq) in dimethoxyethane (DME) at room temperature 

for 13 h, the diastereomeric hemiacetal (14) could be converted into the cyclized 

product (15) as an inseparable diastereomeric mixture. Cleavage of the methoxy- 

methyl (MOM) function in the crude 15 with ethanethiol and boron trifluoride 

etherate13 provided an easily separable 1:2 mixture of the lactone (16) 

[ [  alD+144.1D (c=0.52, CHCl3)) and the hydroxy ester (17)14 [ [  .ID-44.04' (c=1.28, 

CHC13)] in 65 % yield. To circumvent the lower selectivity, the transformation 

was attempted by a kinetic condition. Thus, treatment of 14 with (EtO12POCH2C02Et 

and potassium hydride (KH) in DME at O'C for 45 mi" afforded the unsaturated ester 

(3)15 in 92 % yield. Attempted Michael reaction of 3 using KH (1.1 eql in DME at 

O°C for 10 mi" followed by cleavage of the MOM function gave 16 and 17 in a ratio 

of 1:5.2 in 81 % overall yield. The anticipated preferential formation of 17 

re-face attack of the nitrogen nucleophile can be rationalized by considering the 

transition states A and B. In the event, our mechanistic presumption could thus 

be supported by the result. (Scheme 4) 

With the suitably fu, 

lNO H OMOM 
re-attack 

EtO ;---- 21-isomer of 15 

Scheme 4 

B H L O ~ E ~  J - 
~ctionalized pyrrolidine (17) in hand, we decided to prepare 

the lactone (61. Mesylation of 17 gave quantitatively the mesylate (181 [ [  CL ID- 
4.30' (c=0.66, CHC13)I which was hydrolized with lithium hydroxide to afford the 

corresponding carboxylic acid (19). The crude acid was then treated with potas- 

sium carbonate in the presence of catalytic 18-crown-6 in acetonitrile to furnish 

the lactone (6), which has already been converted into 7 by basic hydrolysis 

followed by acid treatment, in 86 % yield from 17. The spectroscopic properties 

including optical rotation16 of 6 were identical with those of a sample prepared 

previously. ''l7 (Scheme 5) 

In conclusion, we have shown that the intramolecular Michael reaction of 3, easily 

available from 5-(-1-malic acid, can be used to prepare the optically pure pyrro- 

lidine (171 with controlled stereochemistry and 17 can further be converted into 6 
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Reagents: a )  MsC1, NEt3, 4-DMAP, CH2C12, 100% b )  LiOH, d ioxane(aq . )  

c )  K2C03, 18-crown-6, CH3CN, 86% f r o m  18. 

Scheme 5 
~n hiqh yield (45 % overall) in an enantioselect~ve manner. Further conversion of 

17 into heliotridine 15) is in progress and wlll be reported in due course. 
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